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221. Rational Current Element. In Ampere's expression
for the magnetic force due to a current, the current is supposed to
be divided up into elements, an element ds giving rise to a magnetic
force equal to ids sin O/i*. Each of those elements when regarded as
a separate unit corresponds to an unclosed electric current, whereas
on the modern theory of electricity such currents do not exist.
Thus the mathematical unit does not correspond to a physical
reality. To obviate this inconvenience Mr Heaviside has proposed
another interpretation of the element of current; he points out that
the magnetic force ids sin <9/r2" is that due to a system of dosed
currents distributed through space like the lines of magnetic induction
due to a small magnet, PQ, PQ being the element of current ds,
and i representing the number of lines of magnetic induction running
through PQ, i.e. passing through each cross section of the magnet;
the current at any point in the field round the element of current is
represented in magnitude and direction by the magnetic induction
at that point due to the little magnet. The reader will have no
difficulty in, proving this result, if he applies the principle that the
work done in taking the unit magnetic pole round any closed circuit
is. equal to 4-7r times the current passing through the circuit. The
element, PQ, with its associated system of currents, Mr Heaviside calls
the rational current element, it has the advantage of corresponding
to a possible physical system. It is important to notice that this
view of the element of current gives us for closed circuits the same
result as the old one, i.e. the closed current is entirely confined to
the closed circuit and does not spread out at all into the surrounding
space; for let PQ, RS be two elements, then if we place these together
so that the end Q of one coincides with the beginning, R} of the
other, then the analogy with the lines of magnetic induction shows
that the currents which when PQ was alone in the field diverged
from Q now run through QS and diverge from S, hence if we put
a number of such elements together so as to form a closed circuit
the current will never leave the circuit.

We shall see that the magnetic force produced at P when a
charged particle 0 moves with a velocity v, is ev sin 0/OP2, where
e is the charge on the particle and 6 the angle between v an,d OP;
the direction of the force is at right angles to the plane containing
v and OP, Thus another interpretation of the element ds of a circuit